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1
IMAGE CAPTURE APPARATUS WITH FIRST
AND SECOND PIXEL GROUPS

TECHNICAL FIELD

The present invention relates to a technique of detecting the
focus state of an imaging lens in an image capture apparatus
such as a digital camera.

BACKGROUND ART

Focus detection methods conventionally used in digital
cameras are, for example, a contrast detection method used in
video cameras or compact cameras, and a phase-difference
detection method used in single-lens reflex cameras.

A phase-difference detection type focus detection method
adopted in single-lens reflex cameras is disclosed in, for
example, Japanese Patent Laid-Open No. 2-120712. A single-
lens reflex camera includes a quick return mirror to guide
object light to a viewfinder optical system so that the user can
observe the object via an imaging lens. The quick return
mirror is formed from a half mirror which transmits part of
light. Light having passed through the quick return mirror is
guided to a phase-difference detection type focus detection
device to detect the focus of the imaging lens. In photograph-
ing with a photosensitive medium such as a film or image
sensor, the quick return mirror retracts from the photographic
optical path. During photographing with a photosensitive
medium, no conventional phase-difference detection type
focus detection can be done.

A contrast detection type focus adjustment method is gen-
erally used to observe or record a moving image in a camera
having an image sensor as a photosensitive medium. For
example, Japanese Patent Laid-Open No. 63-127217 dis-
closes the focus detection method. According to the contrast
detection type focus adjustment method, while moving the
focus lens of an imaging lens along the optical axis, the
high-frequency component of an image sensed by an image
sensor is extracted. A lens position where the contrast peaks is
detected to adjust the focus. This focus adjustment method
compares the contrasts of images while moving the focus
lens, and cannot adjust the focus quickly.

Under the circumstances, the present applicant has applied
Japanese Patent Laid-Open No. 2009-103997 which dis-
closes a technique capable of phase difference-based focus
detection by restricting a light-receivable area in some pixels
forming an image sensor.

In the technique disclosed in Japanese Patent Laid-Open
No. 2009-103997, some pixels of the image sensor are dedi-
cated to focus detection. In a normal captured image, the
focus detection pixels become defective pixels, degrading the
image quality.

SUMMARY OF INVENTION

The present invention has been made to solve the above
problems, and suppresses degradation of the image quality
while quickly adjusting the focus with high precision even
during moving image capturing in an image capture appara-
tus.

According to the present invention, there is provided an
image capture apparatus comprising: an image sensor which
photo-electrically converts an object image formed by an
imaging lens, the image sensor including a first pixel group
having a first light-receiving area, and a second pixel group
which is discretely arranged in the first pixel group and con-
figured by dividing a light-receiving area substantially equal
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2

in area to the first light-receiving area into a second light-
receiving area and a third light-receiving area different in area
from the second light-receiving area; and control means for
integrally controlling the second light-receiving area of the
second pixel group and the first light-receiving area of the first
pixel group.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11is a view showing the arrangement of a camera as an
image capture apparatus according to the first embodiment of
the present invention;

FIG. 2 is a block diagram showing the electrical circuit of
the camera according to the first embodiment;

FIG. 3 is aflowchart showing a camera operation according
to the first embodiment;

FIG. 4A is a partial plan view showing an image sensor;

FIG. 4B is a partial plan view showing the image sensor;

FIG. 5 is a partial sectional view showing the image sensor;

FIGS. 6 A to 6F are views for explaining the light-receiving
distribution of the image sensor;

FIGS. 7A to 7C are graphs for explaining a line image
obtained from the second pixel;

FIG. 8 is a circuit diagram showing part of the image
sensor;

FIG. 9A is a timing chart showing the operation of the
image sensor;

FIG. 9B is a timing chart showing the operation of the
image sensor;

FIG. 9C is a timing chart showing the operation of the
image sensor;

FIG. 10 is a partial sectional view showing an image sen-
sor;

FIG. 11 is a partial plan view showing the image sensor;

FIGS. 12A to 12F are views for explaining the light-receiv-
ing distribution of the image sensor; and

FIGS. 13A to 13C are graphs for explaining a line image
obtained from the second pixel.

DESCRIPTION OF EMBODIMENTS
First Embodiment

FIGS. 1 to 9C are views showing an image capture appa-
ratus according to the first embodiment of the present inven-
tion. FIG. 1 is a view showing the arrangement of a digital
camera as the image capture apparatus according to the
embodiment. FIG. 2 is a block diagram showing the electrical
circuit of the camera. FIG. 3 is a flowchart showing a camera
operation. FIGS. 4A and 4B are partial plan views showing a
CMOS image sensor according to the embodiment. FIG. 5 is
a partial sectional view showing the image sensor. FIGS. 6A
to 6F are views for explaining the light-receiving distribution
of'the image sensor. FIGS. 7A to 7C are graphs for explaining
a line image. FIG. 8 is a circuit diagram showing part of the
image sensor. FIGS. 9A, 9B, and 9C are timing charts show-
ing driving of the image sensor.

In the camera arrangement view of FIG. 1, the digital
camera according to the embodiment is a single-lens reflex
digital camera in which an imaging lens 200 is detachable
from a camera body 100 via a camera side mount 111 and lens
side mount 201.

The imaging lens 200 is formed from a plurality of lens
units (for example, a lens 203) and a stop 204. Object light
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(object image) having passed through the imaging lens 200 is
reflected by a quick return mirror 101 of the camera body 100
and converged to the vicinity of a focusing screen 102. The
object light which has been diffused and transmitted by the
focusing screen 102 is guided to the user’s eye (not shown)
via a roof pentaprism 103 and eyepiece lens 104.

The quick return mirror 101 is a half mirror. Partial object
light having passed through the quick return mirror 101 is
reflected by a sub-mirror 105 and guided to a focus detection
device 106. The focus detection device 106 adopts a known
arrangement in which the focus state of the imaging lens 200
is detected from two images generated by light components
having passed through different pupil areas of the imaging
lens 200. An image sensor 108 according to the embodiment
is arranged on the prospective imaging plane of the imaging
lens 200.

The camera of the embodiment can capture a moving
image. In moving image capturing, the quick return mirror
101 and sub-mirror 105 retract from the photographic optical
path, and a shutter 107 is opened. At this time, an image
sensed by the image sensor 108 can be observed on a liquid
crystal display element 109.

A camera operation will be explained with reference to the
block diagram of the electrical circuit of the camera of FIG. 2
and the flowchart of FIG. 3.

In the flowchart of FIG. 3, the power supply (not shown) of
the camera body 100 is turned on (step S100). Then, a camera
CPU 150 which controls the camera body 100 checks the state
of an operation switch 151 used to designate moving image
capturing (step S101). If the operation switch 151 is ON to
designate moving image capturing (YES in step S101), the
camera CPU 150 retracts the quick return mirror 101 and
sub-mirror 105 from the photographic optical path, and opens
the shutter 107 via a shutter driving circuit 156.

Upon completion of capturing preparations, the camera
CPU 150 drives the image sensor 108 via an image sensor
driving circuit 153 to photograph an object (step S102). An
image processing circuit 154 processes the image sensed by
the image sensor 108 into a display image, and the liquid
crystal display element 109 displays it via a liquid crystal
display element driving circuit 155 (step S103). Further, the
image processing circuit 154 processes the image into a
recording image, and a memory circuit 157 records it (step
S104). At this time, the image may be recorded on a recording
medium.

The image processing circuit 154 detects the focus state of
the imaging lens 200 based on the image sensed by the image
sensor 108 (step S105). A focus detection method using the
image sensor 108 of the embodiment will be described later.

If the imaging lens 200 is out of focus (NO in step S106),
the camera CPU 150 transmits, to a lens CPU 250, the defocus
amount of the imaging lens 200 that has been detected by the
image processing circuit 154. The lens CPU 250 converts the
defocus amount of the imaging lens 200 into a step driving
amount of the focus lens, and transmits a signal to a focus lens
driving circuit 251 to drive the focus lens (step S107).

Subsequently, the camera CPU 150 checks the state of the
operation switch 151 used to designate moving image cap-
turing. If the operation switch 151 is ON (YES in step S101),
the camera CPU 150 continues moving image capturing (step
S102).

If'the operation switch 151 used to designate moving image
capturing is OFF (NO in step S101), the camera CPU 150
checks the state of an operation switch 152 used to designate
still image capturing (step S108). If the user has not executed
apre-operation SW-1 for still image capturing with the opera-
tion switch 152, the camera CPU 150 waits.
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If the user executes the pre-operation SW-1 for still image
capturing with the operation switch 152, the camera CPU 150
detects the focus state of the imaging lens 200 based on an
output from the focus detection device 106 (step S109). A
focus detection method in still image capturing is a known
technique.

If the imaging lens 200 is in focus (YES in step S110), the
camera CPU 150 checks the state of the operation switch 152
used to designate still image capturing (step S112). If the
imaging lens 200 is out of focus (NO in step S110), the
camera CPU 150 transmits a detected defocus amount of the
imaging lens 200 to the lens CPU 250. The lens CPU 250
converts the defocus amount of the imaging lens 200 into a
step driving amount of the focus lens, and transmits a signal to
the focus lens driving circuit 251 to drive the focus lens (step
S111).

Then, the camera CPU 150 checks the state of the operation
switch 152 used to designate still image capturing (step
S112). If the user has not executed a post-operation SW-2 for
still image capturing with the operation switch 152, the cam-
era CPU 150 waits.

If the user has executed the post-operation SW-2 for still
image capturing with the operation switch 152 (YES in step
S112), the camera CPU 150 retracts the quick return mirror
101 and sub-mirror 105 from the photographic optical path,
and opens the shutter 107 via the shutter driving circuit 156.
Upon completion of preparations for still image capturing,
the camera CPU 150 controls the image sensor 108 via the
image sensor driving circuit 153 to sense the object (step
S113). The image processing circuit 154 processes the image
sensed by the image sensor 108 into a display image, and the
liquid crystal display element 109 displays it via the liquid
crystal display element driving circuit 155 (step S114). Fur-
ther, the image processing circuit 154 processes the image
into a recording image, and the memory circuit 157 records it
(step S115). At this time, the image may be recorded on a
recording medium.

After the end of recording the image (step S115), a series of
capturing operations of the camera ends (step S116).

The arrangement of the image sensor 108 according to the
embodiment will be explained. FIGS. 4A and 4B are partial
plan views showing the image sensor 108. FIG. 5 is a partial
sectional view showing the image sensor 108. FIGS. 6 A to 6F
are views for explaining the light-receiving distribution of the
image sensor 108. FIGS. 7A to 7C are graphs for explaining
a line image.

FIG. 5 is a sectional view taken along the line A-A' shown
in the partial plan view of the image sensor 108 of FIG. 4A. In
the image sensor 108, a photo-electric conversion portion 311
is formed in a silicon substrate 310. Signal charges generated
by the photo-electric conversion portion 311 are transferred
to a floating diffusion portion (not shown) via a transfer
electrode 330. Signal charges in the floating diffusion portion
are output to the outside via a corresponding first electrode
331 and second electrode 332. An interlayer dielectric film
321 is formed between the photo-electric conversion portions
311 and the electrodes 331. An interlayer dielectric film 322
is formed between the electrodes 331 and the electrodes 332.
Further, an interlayer dielectric film 323 is formed between
the electrodes 332 and electrodes 333.

An interlayer dielectric film 324 is formed on the light
incident side of the electrodes 333, and a passivation film 340
and planarization layer 350 are formed on the interlayer
dielectric film 324. A color filter layer 351, a planarization
layer 352, and microlenses 353 are formed on the light inci-
dent side of the planarization layer 350. The power of the
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microlens 353 is set so that the pupil of the imaging lens 200
and the photo-electric conversion portion 311 become almost
conjugate to each other.

FIG. 5 is a sectional view showing pixels positioned at the
center of the image sensor 108. The microlens 353 is arranged
at almost the center of the pixel. Object light that passes
through the imaging lens 200 converges to the vicinity of the
image sensor 108 that is arranged on the prospective imaging
plane of the camera body 100. The light which has reached
each pixel of the image sensor 108 is refracted by the micro-
lens 353 and condensed to the photo-electric conversion por-
tion 311. The electrodes 331, 332, and 333 stacked along the
optical axis of the image sensor 108 are disposed not to cut off
incident light.

A pixel on the right side of FIG. 5 is the first pixel (forming
the first pixel group) used in normal capturing, and the photo-
electric conversion portion 311 (first light-receiving area) is
formed to be able to receive light in the entire pupil area of the
imaging lens 200. To the contrary, a pixel on the left side of
FIG. 5 is the second pixel (forming the second pixel group)
used in normal capturing and also used to detect the focus
state of the imaging lens 200. The photo-electric conversion
portion of the pixel on the left side of FIG. 5 includes an
isolation portion 312 where an impurity opposite in polarity
to the photo-electric conversion portion is diffused. The iso-
lation portion 312 divides the photo-electric conversion por-
tion into a smaller-area photo-electric conversion portion
311_1 (second light-receiving area) and a larger-area photo-
electric conversion portion 311_2 (third light-receiving area)
having a center at a position deviated from the optical axis of
the microlens. The photo-electric conversion portions 311_1
and 311_2 can receive a beam having passed through part of
the pupil of the imaging lens 200. The focus state of the
imaging lens 200 is detected using an output from either the
photo-electric conversion portion 311_1 or 311_2.

The photo-electric conversion portion of the pixel on the
left side of FIG. 5 has almost the same area as that of the
photo-electric conversion portion 311 of the pixel on the right
side of FIG. 5. The sum of outputs from the photo-electric
conversion portions 311_1 and 311_2 substantially equals an
output from the photo-electric conversion portion 311 of the
pixel on the right side of FIG. 5. A light-shielding portion 313
is arranged on the light incident side of the isolation portion
312 to cut off incident light.

The pixel arrangement of the image sensor 108 will be
explained with reference to the plan views of FIGS. 4A and
4B. Referring to FIGS. 4A and 4B, reference numerals 331
and 332 denote electrodes. Each area defined by the elec-
trodes 331 and 332 forms one pixel. Characters “R”, “G”, and
“B” in respective pixels represent colors of the color filter for
the respective pixels. An “R” pixel transmits the red compo-
nent of light, a “G” pixel transmits the green component of
light, and a “B” pixel transmits the blue component of light.

For a color filter having a Bayer arrangement, one picture
element is made up of an “R” pixel, a “B” pixel, and two “G”
pixels. In the image sensor 108 of the embodiment, the second
pixels capable of detecting the focus of the imaging lens 200
are assigned to some “G” pixels. Referring to FIGS. 4A and
4B, photo-electric conversion portions Pal, Pp1, Pa2, Pp2,
Pa3, and PP3 of pixels are used to detect the focus state of the
imaging lens 200. In the embodiment, a smaller-area photo-
electric conversion portion in one pixel is basically used for
focus detection.

As focus detectable pixels arranged in part of the image
sensor 108 of the embodiment, three types different in devia-
tion amount between the optical axis of the microlens and the
center of the photo-electric conversion portion are set to
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6

reduce the influence of eclipse of a focus detection beam
arising from the manufacturing error of the image sensor 108.

In the plan views of the image sensor 108 of FIGS. 4A and
4B, the photo-electric conversion portion of a focus detect-
able pixel arranged on the first row and first column is divided
by the light-shielding portion 313 and isolation portion 312
into the photo-electric conversion portion Pal and a photo-
electric conversion portion Pyl_1. The center of the smaller-
area photo-electric conversion portion Pal deviates from the
center of the pixel in the —x direction by the first deviation
amount.

FIG. 6A is a view for explaining the light-receiving distri-
bution of the pixel arranged on the first row and first column
in the image sensor 108. The light-receiving distribution
explanatory views of FIGS. 6A to 6F show distributions of
receivable light quantity on the pupil of the imaging lens 200
in the absence of any manufacturing error of the image sensor
108. Referring to FIG. 6 A, the monochrome gradation repre-
sents a receivable light quantity, and the light-receiving quan-
tity is large in a white area.

The photo-electric conversion portion Pal of the pixel
arranged on the first row and first column in the image sensor
108 can receive light from an area Sal on the pupil of the
imaging lens 200. To the contrary, the photo-electric conver-
sion portion Pyl_1 canreceive light from an area Syl_1onthe
pupil of the imaging lens 200. Referring to FIG. 6A, the
light-shielding portion 313 and isolation portion 312 which
divide the photo-electric conversion portion generate an area
with a small light-receiving quantity at a position spaced apart
from the optical axis of the imaging lens 200 (intersection of
the x- and y-axes in FIG. 6 A) in the +x direction by a distance
xal.

In the plan views of the image sensor 108 of FIGS. 4A and
4B, a focus detectable pixel paired with the focus detectable
pixel arranged on the first row and first column is arranged at
a position (second row and second column in FIGS. 4A and
4B) adjacent in the diagonal direction. The paired focus
detectable pixel is similarly divided by the light-shielding
portion 313 and isolation portion 312 into the photo-electric
conversion portion Pp1 and a photo-electric conversion por-
tion Pyl_2. The center of the smaller-area photo-electric con-
version portion PB1 deviates from the center of the pixel in the
+x direction by the above-mentioned first deviation amount.

FIG. 6B is a view for explaining the light-receiving distri-
bution of the pixel arranged on the second row and second
column in the image sensor 108. Referring to FIG. 6B, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pp1 of the pixel arranged
onthe second row and second column in the image sensor 108
can receive light from an area SP1 on the pupil of the imaging
lens 200. In contrast, the photo-electric conversion portion
Py1_2 canreceive light from an area Sy1_2 on the pupil of the
imaging lens 200. Referring to FIG. 6B, the light-shielding
portion 313 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 6B) in the —x direction by a distance xf1.
When the image sensor 108 has no manufacturing error, the
distances xal and xp1 of the pupil division portion where the
light-receiving quantity decreases are equal to each other.

Inthe plan view of the image sensor 108 of FIG. 4A, a focus
detectable pixel in which the light-shielding portion 313 and
isolation portion 312 configured to divide the photo-electric
conversion portion are located at a different position is
arranged on a row (fifth row in FIG. 4A) spaced apart by four



US 8,970,773 B2

7

pixels in the —y direction. The photo-electric conversion por-
tion of the focus detectable pixel arranged on the fifth row and
first column is divided by the light-shielding portion 313 and
isolation portion 312 into the photo-electric conversion por-
tion Pa2 and a photo-electric conversion portion Py2_1. The
center of the smaller-area photo-electric conversion portion
Pa2 deviates from the center of the pixel in the —x direction by
the second deviation amount different from the first deviation
amount.

FIG. 6C is a view for explaining the light-receiving distri-
bution of the pixel arranged on the fifth row and first column
in the image sensor 108. Referring to FIG. 6C, the mono-
chrome gradation represents a receivable light quantity, and
the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pa2 of the pixel arranged
on the fifth row and first column in the image sensor 108 can
receive light from an area Sa.2 on the pupil of the imaging lens
200. To the contrary, the photo-electric conversion portion
Py2_1 can receive light from an area Sy2_1 on the pupil of the
imaging lens 200. Referring to FIG. 6C, the light-shielding
portion 313 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 6C) in the +x direction by a distance xc.2.

Inthe plan view of the image sensor 108 of F1IG. 4A, afocus
detectable pixel paired with the focus detectable pixel
arranged on the fifth row and first column is arranged at a
position (sixth row and second column in FIG. 4A) adjacent
in the diagonal direction. The paired focus detectable pixel is
similarly divided by the light-shielding portion 313 and iso-
lation portion 312 into the photo-electric conversion portion
Pp2 and a photo-electric conversion portion Py2_2. The cen-
ter of the smaller-area photo-electric conversion portion P2
deviates from the center of the pixel in the +x direction by the
above-described second deviation amount.

FIG. 6D is a view for explaining the light-receiving distri-
bution of the pixel arranged on the sixth row and second
column in the image sensor 108. Referring to FIG. 6D, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion PB2 of the pixel arranged
on the sixth row and second column in the image sensor 108
can receive light from an area SP2 on the pupil of the imaging
lens 200. In contrast, the photo-electric conversion portion
Py2_2 can receive light from an area Sy2_2 on the pupil of the
imaging lens 200. Referring to FIG. 6D, the light-shielding
portion 313 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 6D) in the —x direction by a distance x[2.
When the image sensor 108 has no manufacturing error, the
distances xa.2 and X2 of the pupil division portion where the
light-receiving quantity decreases are equal to each other.

Inthe plan view of the image sensor 108 of F1IG. 4A, afocus
detectable pixel in which the light-shielding portion 313 and
isolation portion 312 configured to divide the photo-electric
conversion portion are located at a different position is
arranged on a row (ninth row in FIG. 4A) spaced apart by four
pixels in the —y direction. The photo-electric conversion por-
tion of the focus detectable pixel arranged on the ninth row
and first column is divided by the light-shielding portion 313
and isolation portion 312 into the photo-electric conversion
portion Pa3 and a photo-electric conversion portion Py3_1.
The center of the smaller-area photo-electric conversion por-
tion Pa3 deviates from the center of the pixel in the —x
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direction by the third deviation amount that is different from
the first and second deviation amounts.

FIG. 6E is a view for explaining the light-receiving distri-
bution of the pixel arranged on the ninth row and first column
in the image sensor 108. Referring to FIG. 6E, the mono-
chrome gradation represents a receivable light quantity, and
the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pa3 of the pixel arranged
on the ninth row and first column in the image sensor 108 can
receive light from an area Sa3 on the pupil of the imaging lens
200. To the contrary, the photo-electric conversion portion
Py3_1 canreceive light from an area Sy3_1 on the pupil of the
imaging lens 200. Referring to FIG. 6E, the light-shielding
portion 313 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 6F) in the +x direction by a distance xa3.

Inthe plan view of the image sensor 108 of FIG. 4A, a focus
detectable pixel paired with the focus detectable pixel
arranged on the ninth row and first column is arranged at a
position (10th row and second column in FIG. 4A) adjacent in
the diagonal direction. The paired focus detectable pixel is
similarly divided by the light-shielding portion 313 and iso-
lation portion 312 into the photo-electric conversion portion
Pp3 and a photo-electric conversion portion Py3_2. The cen-
ter of the smaller-area photo-electric conversion portion P33
deviates from the center of the pixel in the +x direction by the
above-mentioned third deviation amount.

FIG. 6F is a view for explaining the light-receiving distri-
bution of the pixel arranged on the 10th row and second
column in the image sensor 108. Referring to FIG. 6F, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pp3 of the pixel arranged
on the 10th row and second column in the image sensor 108
can receive light from an area SP3 on the pupil of the imaging
lens 200. In contrast, the photo-electric conversion portion
Py3_2 canreceive light from an area Sy3_2 on the pupil of the
imaging lens 200. Referring to FIG. 6F, the light-shielding
portion 313 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 6F) inthe —x direction by a distance x33. When
the image sensor 108 has no manufacturing error, the dis-
tances xa3 and xB3 of the pupil division portion where the
light-receiving quantity decreases are equal to each other.

Focus detectable pixels each having an identical photo-
electric conversion portion Pal are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (first row and first column in FIGS. 4A
and 4B) having the photo-electric conversion portion Pal.
Also, focus detectable pixels each having an identical photo-
electric conversion portion PP1 are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (second row and second column in
FIGS. 4A and 4B) having the photo-electric conversion por-
tion Pp1.

FIG. 7A shows a line image Ial generated by (output
signals from) a pixel group having the photo-electric conver-
sion portions Pal and a line image If1 generated by a pixel
group having the photo-electric conversion portions PB1.
When detecting the focus state of the imaging lens 200,
signals are output from the photo-electric conversion portions
Pal of the focus detectable pixel group and the photo-electric
conversion portions PP1 of the focus detectable pixel group.
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Focus detectable pixels each having an identical photo-
electric conversion portion Pa2 are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (fifth row and first column in FIG. 4A)
having the photo-electric conversion portion Pa2. In the same
manner, focus detectable pixels each having an identical
photo-electric conversion portion P2 are arranged at posi-
tions spaced apart by every four pixels in the +x direction
from the focus detectable pixel (sixth row and second column
in FIG. 4A) having the photo-electric conversion portion PB2.

FIG. 7B shows a line image a2 generated by a pixel group
having the photo-electric conversion portions Pa2 and a line
image 1p2 generated by a pixel group having the photo-
electric conversion portions Pf2. When detecting the focus
state of the imaging lens 200, signals are output from the
photo-electric conversion portions Pa2 of the focus detect-
able pixel group and the photo-electric conversion portions
Pp2 of the focus detectable pixel group.

Focus detectable pixels each having an identical photo-
electric conversion portion Pa3 are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (ninth row and first column in FIG. 4A)
having the photo-electric conversion portion Pa3. Similarly,
focus detectable pixels each having an identical photo-elec-
tric conversion portion P@3 are arranged at positions spaced
apart by every four pixels in the +x direction from the focus
detectable pixel (10th row and second column in FIG. 4A)
having the photo-electric conversion portion Pf3.

FIG. 7C shows a line image I3 generated by a pixel group
having the photo-electric conversion portions Pa3 and a line
image 1p3 generated by a pixel group having the photo-
electric conversion portions P$3. When detecting the focus
state of the imaging lens 200, signals are output from the
photo-electric conversion portions Pa3 of the focus detect-
able pixel group and the photo-electric conversion portions
PpP3 of the focus detectable pixel group.

As described above, the focus state of the imaging lens 200
is detected based on an image generated by outputs from only
smaller-area photo-electric conversion portions in a focus
detectable pixel group. In normal image capturing, an output
from the undivided photo-electric conversion portion of the
first pixel, and the sum of outputs from two divided photo-
electric conversion portions of the second pixel are read out.

A case in which a normal captured image is acquired and a
case in which a focus detection image is acquired will be
explained with reference to the plan view of the image sensor
108 of FIG. 4B, the schematic circuit diagram of the image
sensor 108 of FIG. 8, and the timing charts of FIGS. 9A to 9C.

In the plan view of the image sensor 108 of FIG. 4B,
reference numeral 330 denotes a transfer electrode; and 314,
a floating diffusion portion. The schematic circuit diagram of
the image sensor 108 of FIG. 8 shows the circuit arrangement
of four pixels shown in the plan view of the image sensor 108
of FIG. 4B.

Referring to FIG. 8, reference numeral 330 denotes a trans-
fer switch MOS transistor. Each reset MOS transistor 360
resets the floating diffusion portion (to be referred to as an FD
portion) 314 or the like to a predetermined potential. Each
source follower amplifier MOS transistor 361 obtains an
amplified signal based on charges transferred by the transfer
switch MOS transistor 330. Each horizontal selection switch
MOS transistor 362 selects a pixel from which an amplified
signal obtained by the source follower amplifier MOS tran-
sistor 361 is to be read out. Each load MOS transistor 363
forms a source follower together with the source follower
amplifier MOS transistor 361. Each dark output transfer MOS
transistor 364 transfers a dark output from a pixel. Each bright
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output transfer MOS transistor 365 transfers a bright output
from a pixel. Each dark output accumulation capacitor 371
accumulates a dark output transferred by the dark output
transfer MOS transistor 364. Each bright output accumula-
tion capacitor 370 accumulates a bright output transferred by
the bright output transfer MOS transistor 365. Horizontal
transfer MOS transistors 366 transfer respective outputs
accumulated in the dark output accumulation capacitor 371
and bright output accumulation capacitor 370 to horizontal
output lines. Horizontal output line reset MOS transistors 367
reset the horizontal output lines to predetermined potentials.
A differential output amplifier 380 amplifies the difference
between signals transferred to the respective horizontal out-
put lines, and outputs the amplified difference. A horizontal
scanning circuit 381 controls the ON/OFF operation of the
horizontal transfer MOS transistor 366. A vertical scanning
circuit 382 controls the ON/OFF operations of the transfer
switch MOS transistor 330 and the like.

FIGS. 9A to 9C are timing charts showing the operation of
the circuit of the image sensor 108 in FIG. 8. FIG. 9A is a
timing chart of the Oth and first lines when acquiring a normal
captured image. FIGS. 9B and 9C are timing charts of the Oth
and first lines when acquiring a focus detection image.

An outline of acquiring a normal captured image will be
explained. In an upper left pixel in the circuit diagram of the
image sensor 108 of FIG. 8, charges converted by the photo-
electric conversion portions 311_1 and 311_2 are simulta-
neously transferred to the FD portion 314, added by the FD
portion 314, and then read out. At the same time, in an upper
right pixel in FIG. 8, charges converted by the photo-electric
conversion portion 311 are transferred to the FD portion 314
and read out.

A detailed operation in normal image capturing will be
explained with reference to FIG. 9A. First, a control pulse ¢S,
is switched to high level in synchronization with a timing
output from the vertical scanning circuit 382 to turn on the
horizontal selection switch MOS transistors 362 and select
pixels on the Oth line.

Then, a control pulse ¢R,, is switched to low level to stop
resetting by the FD portions 314, float the FD portions 314,
and enable the gate-source paths of the source follower ampli-
fier MOS transistors 361. After a predetermined time, a con-
trol pulse ¢TN is temporarily switched to high level to output
the dark voltages of the FD portions 314 to the dark output
accumulation capacitors 371 by a source follower operation.

To output charges from the photo-electric conversion por-
tions311_1,311_2, and 311 of the respective pixels on the Oth
line, control pulses $Tx, and ¢Taf, are temporarily switched
to high level to turn on the transfer switch MOS transistors
330_0 and 330_1.

At this time, charges converted by the photo-electric con-
version portions 311_1and 311_2 ofthe upper left pixel inthe
circuit diagram of FIG. 8 are transferred to the FD portion 314
and added. At the same time, charges converted by the photo-
electric conversion portion 311 of the upper right pixel are
transferred to the FD portion 314. That is, the photo-electric
conversion portions 311_1 and 311_2 of the upper left pixel
and the photo-electric conversion portion 311 of the upper
right pixel are controlled integrally.

The charges transferred from the photo-electric conversion
portions 311_1, 311_2, and 311 to the FD portions 314
change the potentials of the FD portions 314 in accordance
with light. Since the source follower amplifier MOS transis-
tors 361 float, the potentials of the FD portions 314 are output
to the bright output accumulation capacitors 370 by tempo-
rarily switching a control pulse ¢TS to high level.
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By then, dark and bright outputs from the respective pixels
on the Oth line have been accumulated in the dark output
accumulation capacitors 371 and bright output accumulation
capacitors 370, respectively. Further, a control pulse ¢HC is
temporarily switched to high level to turn on the horizontal
output line reset MOS transistors 367 and reset the horizontal
output lines.

In the horizontal transfer period, dark and bright outputs
from the pixels on the Oth line are output to the horizontal
output lines in synchronization with a scan timing signal from
the horizontal scanning circuit 381 to the horizontal transfer
MOS transistors 366.

At this time, the differential amplifier 380 amplifies the
difference between signals from the dark output accumula-
tion capacitors 371 and bright output accumulation capacitors
370, and provides an output Vout. Hence, a signal with high
S/N ratio free from pixel random noise and fixed pattern noise
can be obtained.

Thereafter, the control pulse $OR, is switched to high
level, and the control pulse ¢S, is switched to low level,
ending the selection of the pixels on the Oth line.

In the same fashion, the vertical scanning circuit 382
sequentially reads out charges from pixels on the next line,
thereby outputting signals from all the pixels of the image
sensor 108. The image processing circuit 154 performs signal
processing for the output. The liquid crystal display element
109 displays the image, or the memory circuit 157 stores it.

An outline of detecting the focus state of the imaging lens
200 will be explained. To quickly read out an output from the
second pixel capable of focus detection, outputs from the
photo-electric conversion portions 311_1 of the upper left
pixel and lower right pixel in the circuit diagram of the image
sensor 108 of FIG. 8 are simultaneously acquired. The corre-
lation between the two obtained images is calculated, and the
focus state of the imaging lens 200 is detected from the image
shift amount between the two images. At this time, outputs
from the photo-electric conversion portions 311_2 and 311
not used to detect the focus state of the imaging lens 200 are
not read out.

A detailed focus state detection operation will be described
with reference to FIG. 9B. The control pulses ¢S, and ¢S, are
switched to high level in synchronization with a timing output
from the vertical scanning circuit 382 to turn on the horizontal
selection switch MOS transistors 362 and select pixels on the
Oth and first lines.

Then, the control pulses ¢R,, and ¢R, are switched to low
level to stop resetting by the FD portions 314, float the FD
portions 314, and enable the gate-source paths of the source
follower amplifier MOS ftransistors 361. After a predeter-
mined time, the control pulse ¢ TN is temporarily switched to
high level to output the dark voltages of the FD portions 314
to the dark output accumulation capacitors 371 by a source
follower operation.

The control pulses ¢Taf, and ¢Taf, are switched to high
level to turn on the transfer switch MOS transistors 330_0 and
330_2. Charges converted by the photo-electric conversion
portions 311_1 of the upper left pixel and lower right pixel in
the circuit diagram of the image sensor 108 of FIG. 8 are
simultaneously transferred to the FD portions 314.

At this time, the control pulses ¢Tx, and $Tx, are at low
level, so photocharges in the photo-electric conversion por-
tions 311_2 and 311 are not transferred to the FD portions
314.

The charges converted by the photo-electric conversion
portions 311_1 are transferred to the FD portions 314, chang-
ing the potentials of the FD portions 314 in accordance with
light. Since the source follower amplifier MOS transistors
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361 float, the potentials of the FD portions 314 are output to
the bright output accumulation capacitors 370 by temporarily
switching the control pulse ¢TS to high level.

By then, dark and bright outputs from the second pixels
capable of focus detection on the Oth and first lines have been
accumulated in the dark output accumulation capacitors 371
and bright output accumulation capacitors 370, respectively.
Further, the control pulse ¢HC is temporarily switched to
high level to turn on the horizontal output line reset MOS
transistors 367 and reset the horizontal output lines.

In the horizontal transfer period, dark and bright outputs
from the second pixels capable of focus detection are output
to the horizontal output lines in synchronization with a scan
timing signal from the horizontal scanning circuit 381 to the
horizontal transfer MOS transistors 366.

At this time, the differential amplifier 380 amplifies the
difference between signals from the dark output accumula-
tion capacitors 371 and bright output accumulation capacitors
370, and provides the output Vout. As a result, a signal with
high S/N ratio free from pixel random noise and fixed pattern
noise can be obtained.

After that, the control pulses $R, and R, are switched to
high level, and the control pulses ¢S, and ¢S, are switched to
low level, ending the selection of the pixels on the Oth and first
lines.

Similarly, the vertical scanning circuit 382 sequentially
reads out charges from pixels on the next line, thereby out-
putting signals from all the focus detectable pixels of the
image sensor 108.

The camera CPU 150 shapes an output from the image
sensor 108 into a detection image signal by calculation. After
correlation calculation processing, the focus state of the
imaging lens 200 is calculated.

The above embodiment has described an example in which
the focus state of the imaging lens 200 is detected using an
output from the smaller-area photo-electric conversion por-
tion 311_1 in the second pixel capable of focus detection.
However, at low object brightness, it is also effective to per-
form focus detection using an output from the larger-area
photo-electric conversion portion 311_2. A focus state detec-
tion operation at low object brightness will be described with
reference to the timing chart of FIG. 9C.

First, the control pulse ¢S, is switched to high level in
synchronization with a timing output from the vertical scan-
ning circuit 382 to turn on the horizontal selection switch
MOS transistors 362 and select pixels on the Oth line.

Then, the control pulse ¢R,, is switched to low level to stop
resetting by the FD portions 314, float the FD portions 314,
and enable the gate-source paths of the source follower ampli-
fier MOS transistors 361. After a predetermined time, the
control pulse ¢TN is temporarily switched to high level to
output the dark voltages of the FD portions 314 to the dark
output accumulation capacitors 371 by a source follower
operation.

The control pulse ¢ Tx, is switched to high level to turn on
the transfer switch MOS transistors 330_1. Charges con-
verted by the photo-electric conversion portion 311_2 of the
upper left pixel and the photo-electric conversion portion 311
of the upper right pixel in the circuit diagram of the image
sensor 108 of FIG. 8 are simultaneously transferred to the FD
portions 314. At this time, the control pulse ¢pTaf, is at low
level, so photocharges in the smaller-area photo-electric con-
version portion 311_1 are not transferred to the FD portion
314.

The charges converted by the photo-electric conversion
portions 311_1 and 311 are transferred to the FD portions
314, changing the potentials of the FD portions 314 in accor-
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dance with light. Since the source follower amplifier MOS
transistors 361 float, the potentials of the FD portions 314 are
output to the bright output accumulation capacitors 370 by
temporarily switching the control pulse ¢ TS to high level.

By then, dark and bright outputs from the first pixel for
normal capturing and the second pixel capable of focus detec-
tion on the Oth line have been accumulated in the dark output
accumulation capacitors 371 and bright output accumulation
capacitors 370, respectively. Further, the control pulse ¢HC is
temporarily switched to high level to turn on the horizontal
output line reset MOS transistors 367 and reset the horizontal
output lines.

In the horizontal transfer period, dark and bright outputs
from the focus detectable pixel are output to the horizontal
output lines in synchronization with a scan timing signal from
the horizontal scanning circuit 381 to the horizontal transfer
MOS transistor 366.

At this time, the differential amplifier 380 amplifies the
difference between signals from the dark output accumula-
tion capacitors 371 and bright output accumulation capacitors
370, and provides the output Vout. A signal with high S/N
ratio free from pixel random noise and fixed pattern noise can
be obtained.

Thereafter, the control pulse ¢R, is switched to high level,
and the control pulse ¢S, is switched to low level, ending the
selection of the pixels on the Oth line.

To obtain a paired focus detection image signal, readout is
done from a focus detectable pixel on the first line. First, the
control pulse ¢S, is switched to high level in synchronization
with a timing output from the vertical scanning circuit 382 to
turn on the horizontal selection switch MOS transistors 362
and select pixels on the first line.

Then, the control pulse ¢R, is switched to low level to stop
resetting by the FD portions 314, float the FD portions 314,
and enable the gate-source paths of the source follower ampli-
fier MOS transistors 361. After a predetermined time, the
control pulse ¢TN is temporarily switched to high level to
output the dark voltages of the FD portions 314 to the dark
output accumulation capacitors 371 by a source follower
operation.

The control pulse ¢ Tx, is switched to high level to turn on
the transfer switch MOS transistors 330_3. Charges con-
verted by the photo-electric conversion portion 311 of the
lower left pixel and the photo-electric conversion portion
311_2 of the lower right pixel in the circuit diagram of the
image sensor 108 of FIG. 8 are simultaneously transferred to
the FD portions 314. At this time, the control pulse ¢ Taf, is at
low level, so photocharges in the smaller-area photo-electric
conversion portion 311_1 are not transferred to the FD por-
tion 314.

The charges converted by the photo-electric conversion
portions 311_2 and 311 are transferred to the FD portions
314, changing the potentials of the FD portions 314 in accor-
dance with light. Since the source follower amplifier MOS
transistors 361 float, the potentials of the FD portions 314 are
output to the bright output accumulation capacitors 370 by
temporarily switching the control pulse ¢ TS to high level.

By then, dark and bright outputs from the first pixel for
normal capturing and the second pixel capable of focus detec-
tion on the first line have been accumulated in the dark output
accumulation capacitors 371 and bright output accumulation
capacitors 370, respectively. Further, the control pulse ¢HC is
temporarily switched to high level to turn on the horizontal
output line reset MOS transistors 367 and reset the horizontal
output lines.

In the horizontal transfer period, dark and bright outputs
from the focus detectable pixel are output to the horizontal
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output lines in synchronization with a scan timing signal from
the horizontal scanning circuit 381 to the horizontal transfer
MOS transistor 366.

At this time, the differential amplifier 380 amplifies the
difference between signals from the dark output accumula-
tion capacitors 371 and bright output accumulation capacitors
370, and provides the output Vout. A signal with high S/N
ratio free from pixel random noise and fixed pattern noise can
be obtained.

After that, the control pulse ¢R, is switched to high level,
and the control pulse ¢S, is switched to low level, ending the
selection of the pixels on the first line.

Similarly, the vertical scanning circuit 382 sequentially
reads out charges from pixels on the next line, thereby out-
putting signals from all the pixels of the image sensor 108.

Since focus detection of the imaging lens 200 does not
require an output the first pixel for normal capturing, the
camera CPU 150 separates outputs from the image sensor 108
into a focus detection image signal and other image signals.
The camera CPU 150 performs correlation calculation pro-
cessing for the detected focus detection image signal to cal-
culate the focus state of the imaging lens 200.

The embodiment has described an example in which the
second pixels capable of focus detection are discretely
arranged in “G” pixels in the Bayer arrangement. However,
the second pixels capable of focus detection may be arranged
in “B” pixels, “R” pixels, or pixels which do not absorb light.

Second Embodiment

FIGS. 10 to 13C are views showing the second embodi-
ment of the present invention, and show the structure of an
image sensor at the periphery of the capturing screen of the
camera and an obtained focus detection image. FIG. 10 is a
partial sectional view showing a CMOS image sensor accord-
ing to the embodiment. FIG. 11 is a partial plan view showing
the image sensor. FIGS. 12A to 12F are views for explaining
the light-receiving distribution of the image sensor. FIGS.
13A to 13C are graphs for explaining a line image. A camera
in the second embodiment is identical to that in the first
embodiment, and a description thereof will not be repeated.
The same reference numerals as those in the first embodiment
denote the same parts.

FIG. 10 is a sectional view showing pixels at the periphery
of'an image sensor 108. A pixel on the right side of FIG. 10 is
the first pixel used in normal capturing, and a photo-electric
conversion portion 311 is formed to be able to receive light in
the entire pupil area of an imaging lens 200.

A pixel on the left side of FIG. 10 is the second pixel used
in normal capturing and also used to detect the focus state of
the imaging lens 200. The photo-electric conversion portion
of the pixel on the left side of FIG. 10 includes an isolation
portion 312 where an impurity opposite in polarity to the
photo-electric conversion portion is diffused. The isolation
portion 312 divides the photo-electric conversion portion into
a smaller-area photo-electric conversion portion311_1 and a
larger-area photo-electric conversion portion 311_2 having a
center at a position deviated from the optical axis of the
microlens. The photo-electric conversion portions 311_1 and
311_2 can receive a beam having passed through part of the
pupil of the imaging lens 200. The focus state of the imaging
lens 200 is detected using an output from either the photo-
electric conversion portion 311_1 or 311_2.

The photo-electric conversion portion of the pixel on the
left side of FIG. 10 has almost the same area as that of the
photo-electric conversion portion 311 of the pixel on the right
side of FIG. 10. The sum of outputs from the photo-electric
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conversion portions 311_1 and 311_2 substantially equals an
output from the photo-electric conversion portion 311 of the
pixel on the right side of FIG. 10.

The sectional view of the image sensor 108 in FIG. 10
shows pixels positioned at the periphery of the image sensor
108. A microlens 353 deviates from the central axis of the
pixel toward the optical axis (-x direction in FIG. 10) of an
imaging lens (not shown). In the embodiment, a light-shield-
ing portion 335 made of the same material as that of an
electrode 331 is arranged on the light incident side of the
isolation portion 312 to divide the photo-electric conversion
portion into the photo-electric conversion portions 311_1 and
311_2.

FIG. 11 is a plan view showing the pixel arrangement of the
image sensor 108. Referring to FIG. 11, reference numerals
331 and 332 denote electrodes. Each area defined by the
electrodes 331 and 332 forms one pixel. Characters “R”, “G”,
and “B” in respective pixels represent colors of the color filter
for the respective pixels. An “R” pixel transmits the red com-
ponent of light, a “G” pixel transmits the green component of
light, and a “B” pixel transmits the blue component of light.

For a color filter having a Bayer arrangement, one picture
element is made up of an “R” pixel, a “B” pixel, and two “G”
pixels. In the image sensor 108 of the embodiment, the second
pixels capable of detecting the focus of the imaging lens 200
are assigned to some “G” pixels. Referring to FIG. 11, photo-
electric conversion portions Pal, P1, Pa2, P2, Pa3, and
Pp3 of pixels are used to detect the focus state of the imaging
lens 200. In the embodiment, a smaller-area photo-electric
conversion portion in one pixel is basically used for focus
detection.

As focus detectable pixels arranged in part of the image
sensor 108 of the embodiment, three types different in devia-
tion amount between the optical axis of the microlens and the
center of the photo-electric conversion portion are set to
reduce the influence of eclipse of a focus detection beam
arising from the manufacturing error of the image sensor 108.

In the plan view of the image sensor 108 of FIG. 11, the
photo-electric conversion portion of a focus detectable pixel
arranged on the first row and first column is divided by the
light-shielding portion 335 and isolation portion 312 into the
photo-electric conversion portion Pal and a photo-electric
conversion portion Pyl_1. The center of the smaller-area
photo-electric conversion portion Pal deviates from the cen-
ter of the pixel in the —x direction by the first deviation
amount.

FIG. 12A is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the first row and first column
in the image sensor 108. The light-receiving distribution
explanatory views of FIGS. 12A to 12F show receivable light
quantity distributions on the pupil of the imaging lens 200 in
the absence of any manufacturing error of the image sensor
108. Referring to FIG. 12A, the monochrome gradation rep-
resents a receivable light quantity, and the light-receiving
quantity is large in a white area. The light receivable area is
not circular because of vignetting by the lens frame of the
imaging lens 200.

The photo-electric conversion portion Pal of the pixel
arranged on the first row and first column in the image sensor
108 can receive light from an area Syl on the pupil of the
imaging lens 200. To the contrary, the photo-electric conver-
sion portion Py1_1 can receive light from an area Sy_1 on the
pupil of the imaging lens 200. Referring to FIG. 12A, the
light-shielding portion 335 and isolation portion 312 which
divide the photo-electric conversion portion generate an area
with a small light-receiving quantity at a position spaced apart
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from the optical axis of the imaging lens 200 (intersection of
the x- and y-axes in FIG. 12A) in the +x direction by a
distance xal.

Inthe plan view of the image sensor 108 of FIG. 11, a focus
detectable pixel paired with the focus detectable pixel
arranged on the first row and first column is arranged at a
position (second row and second column in FIG. 11) adjacent
in the diagonal direction. The paired focus detectable pixel is
similarly divided by the light-shielding portion 335 and iso-
lation portion 312 into the photo-electric conversion portion
Pp1 and a photo-electric conversion portion Pyl_2. The cen-
ter of the smaller-area photo-electric conversion portion P1
deviates from the center of the pixel in the +x direction by the
above-mentioned first deviation amount.

FIG. 12B is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the second row and second
column in the image sensor 108. Referring to FIG. 12B, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area.

The photo-electric conversion portion Pf1 of the pixel
arranged on the second row and second column in the image
sensor 108 can receive light from an area SP1 on the pupil of
the imaging lens 200. In contrast, the photo-electric conver-
sion portion Pyl_2 can receive light from an area Sy_2 on the
pupil of the imaging lens 200. Referring to FIG. 12B, the
light-shielding portion 335 and isolation portion 312 which
divide the photo-electric conversion portion generate an area
with a small light-receiving quantity at a position spaced apart
from the optical axis of the imaging lens 200 (intersection of
the x- and y-axes in FIG. 12B) in the -x direction by a
distance xf1.

Inthe plan view of the image sensor 108 of FIG. 11, a focus
detectable pixel in which the light-shielding portion 335 and
isolation portion 312 configured to divide the photo-electric
conversion portion are located at a different position is
arranged on a row (fifth row in FIG. 11) spaced apart by four
pixels in the —y direction. The photo-electric conversion por-
tion of the focus detectable pixel arranged on the fifth row and
first column is divided by the light-shielding portion 335 and
isolation portion 312 into the photo-electric conversion por-
tion Pa2 and a photo-electric conversion portion Py2_1. The
center of the smaller-area photo-electric conversion portion
Pa2 deviates from the center of the pixel in the —x direction by
the second deviation amount different from the first deviation
amount.

FIG. 12C is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the fifth row and first col-
umn in the image sensor 108. Referring to FIG. 12C, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pa2 of the pixel arranged
on the fifth row and first column in the image sensor 108 can
receive light from an area Sa.2 on the pupil of the imaging lens
200. To the contrary, the photo-electric conversion portion
Py2_1 canreceive light from an area Sy2_1 on the pupil of the
imaging lens 200. Referring to FIG. 12C, the light-shielding
portion 335 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 12C) in the +x direction by a distance xa2.

Inthe plan view of the image sensor 108 of FIG. 11, a focus
detectable pixel paired with the focus detectable pixel
arranged on the fifth row and first column is arranged at a
position (sixth row and second column in FIG. 11) adjacent in
the diagonal direction. The paired focus detectable pixel is
similarly divided by the light-shielding portion 335 and iso-
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lation portion 312 into the photo-electric conversion portion
Pp2 and a photo-electric conversion portion Py2_2. The cen-
ter of the smaller-area photo-electric conversion portion P2
deviates from the center of the pixel in the +x direction by the
above-described second deviation amount.

FIG. 12D is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the sixth row and second
column in the image sensor 108. Referring to FIG. 12D, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion PB2 of the pixel arranged
on the sixth row and second column in the image sensor 108
can receive light from an area SP2 on the pupil of the imaging
lens 200. In contrast, the photo-electric conversion portion
Py2_2 can receive light from an area Sy2_2 on the pupil of the
imaging lens 200. Referring to FIG. 12D, the light-shielding
portion 335 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 12D) in the —x direction by a distance xf32.

In the plan view of the image sensor 108 of FIG. 11, a focus
detectable pixel in which the light-shielding portion 335 and
isolation portion 312 configured to divide the photo-electric
conversion portion are located at a different position is
arranged on a row (ninth row in FIG. 11) spaced apart by four
pixels in the —y direction. The photo-electric conversion por-
tion of the focus detectable pixel arranged on the ninth row
and first column is divided by the light-shielding portion 335
and isolation portion 312 into the photo-electric conversion
portion Pa3 and a photo-electric conversion portion Py3_1.
The center of the smaller-area photo-electric conversion por-
tion Pa3 deviates from the center of the pixel in the —x
direction by the third deviation amount different from the first
and second deviation amounts.

FIG. 12E is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the ninth row and first
column in the image sensor 108. Referring to FIG. 12E, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
photo-electric conversion portion Pa3 of the pixel arranged
on the ninth row and first column in the image sensor 108 can
receive light from an area Sa3 on the pupil ofthe imaging lens
200. To the contrary, the photo-electric conversion portion
Py3_1 can receive light from an area Sy3_1 on the pupil of the
imaging lens 200. Referring to FIG. 12E, the light-shielding
portion 335 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 12E) in the +x direction by a distance xa.3.

In the plan view of the image sensor 108 of FIG. 11, a focus
detectable pixel paired with the focus detectable pixel
arranged on the ninth row and first column is arranged at a
position (10th row and second column in FIG. 11) adjacent in
the diagonal direction. The paired focus detectable pixel is
similarly divided by the light-shielding portion 335 and iso-
lation portion 312 into the photo-electric conversion portion
Pp3 and a photo-electric conversion portion Py3_2. The cen-
ter of the smaller-area photo-electric conversion portion P33
deviates from the center of the pixel in the +x direction by the
above-mentioned third deviation amount.

FIG. 12F is a view for explaining the light-receiving dis-
tribution of the pixel arranged on the 10th row and second
column in the image sensor 108. Referring to FIG. 12F, the
monochrome gradation represents a receivable light quantity,
and the light-receiving quantity is large in a white area. The
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photo-electric conversion portion P33 of the pixel arranged
on the 10th row and second column in the image sensor 108
can receive light from an area SP3 on the pupil of the imaging
lens 200. In contrast, the photo-electric conversion portion
Py3_2 canreceive light from an area Sy3_2 on the pupil of the
imaging lens 200. Referring to FIG. 12F, the light-shielding
portion 335 and isolation portion 312 which divide the photo-
electric conversion portion generate an area with a small
light-receiving quantity at a position spaced apart from the
optical axis of the imaging lens 200 (intersection of the x- and
y-axes in FIG. 12F) in the —x direction by a distance x[33.

Focus detectable pixels each having an identical photo-
electric conversion portion Pal are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (first row and first column in FIG. 11)
having the photo-electric conversion portion Pal.

Also, focus detectable pixels each having an identical
photo-electric conversion portion P@1 are arranged at posi-
tions spaced apart by every four pixels in the +x direction
from the focus detectable pixel (second row and second col-
umn in FIG. 11) having the photo-electric conversion portion
Pp1.

FIG. 13A shows a line image Ial generated by a pixel
group having the photo-electric conversion portions Pal and
a line image Ip1 generated by a pixel group having the photo-
electric conversion portions Pf1. When detecting the focus
state of the imaging lens 200, signals are output from the
photo-electric conversion portions Pal of the focus detect-
able pixel group and the photo-electric conversion portions
Pp1 of the focus detectable pixel group.

Focus detectable pixels each having an identical photo-
electric conversion portion Pa2 are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (fifth row and first column in FIG. 11)
having the photo-electric conversion portion Pa2.

In the same way, focus detectable pixels each having an
identical photo-electric conversion portion P32 are arranged
at positions spaced apart by every four pixels in the +x direc-
tion from the focus detectable pixel (sixth row and second
column in FIG. 11) having the photo-electric conversion por-
tion Pp2.

FIG. 13B shows a line image la2 generated by a pixel
group having the photo-electric conversion portions Pa2 and
a line image Ip2 generated by a pixel group having the photo-
electric conversion portions Pf2. When detecting the focus
state of the imaging lens 200, signals are output from the
photo-electric conversion portions Pa2 of the focus detect-
able pixel group and the photo-electric conversion portions
Pp2 of the focus detectable pixel group.

Focus detectable pixels each having an identical photo-
electric conversion portion Pa3 are arranged at positions
spaced apart by every four pixels in the +x direction from the
focus detectable pixel (ninth row and first column in FIG. 11)
having the photo-electric conversion portion Pa3.

Similarly, focus detectable pixels each having an identical
photo-electric conversion portion P@3 are arranged at posi-
tions spaced apart by every four pixels in the +x direction
from the focus detectable pixel (10th row and second column
in FIG. 11) having the photo-electric conversion portion P33.

FIG. 13C shows a line image Ia3 generated by a pixel
group having the photo-electric conversion portions Pa3 and
a line image Ip3 generated by a pixel group having the photo-
electric conversion portions Pf3. When detecting the focus
state of the imaging lens 200, signals are output from the
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photo-electric conversion portions Pa3 of the focus detect-
able pixel group and the photo-electric conversion portions
PpP3 of the focus detectable pixel group.

As is apparent from the light-receiving distribution
explanatory views of FIGS. 12E and 12F, the pupil area Sa3
from which the photo-electric conversion portion Pa3 can
receive light greatly differs from the pupil area SP3 from
which the photo-electric conversion portion P33 can receive
light. This results in a great output difference between the line
image la3 generated by a pixel group having the photo-
electric conversion portions Pa3 and the line image Ip3 gen-
erated by a pixel group having the photo-electric conversion
portions PB3. In the embodiment, an output from the pixel
group having the photo-electric conversion portions Pa3 and
that from the pixel group having the photo-electric conversion
portions Pp3 are not used for focus detection because of poor
correlation between a focus detection image generated by the
pixel group having the photo-electric conversion portions
Pa3 and a focus detection image generated by the pixel group
having the photo-electric conversion portions Pf3.

As described above, the focus state of the imaging lens 200
is detected using signals from only smaller-area photo-elec-
tric conversion portions in a focus detectable pixel group
when the output difference between generated paired images
is small. In normal image capturing, an output from the undi-
vided photo-electric conversion portion of the first pixel, and
the sum of outputs from two divided photo-electric conver-
sion portions of the second pixel are read out.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2010-179000, filed Aug. 9, 2010, which is
hereby incorporated by reference herein in its entirety.
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The invention claimed is:

1. An image capture apparatus comprising:

an image sensor which photo-electrically converts an

object image formed by an imaging lens, the image
sensor including a first pixel group having a first light-
receiving area, and a second pixel group which is con-
figured by dividing a light-receiving area into a second
light-receiving area and a third light-receiving area dif-
ferent in area from the second light-receiving area; and

a control unit configured to control the second and third

light-receiving areas of the second pixel group and the
first light-receiving area of the first pixel group ofa same
line by a same timing in an image capturing operation
and configured to control the third light receiving areas
of the second pixel group of different lines by a same
timing in a detection operation of a focus state of the
imaging lens.

2. The apparatus according to claim 1, wherein the image
sensor includes a color filter with a Bayer arrangement, and
the second pixel group is arranged at positions of two green
pixels forming the Bayer arrangement.

3. The apparatus according to claim 2, wherein the control
unit controls the third light-receiving area of one pixel in the
second pixel group and the third light-receiving area of
another pixel in the second pixel group that is arranged adja-
cent to the one pixel by the same timing.

4. The apparatus according to claim 1, further comprising
a focus detection unit configured to detect the focus state of
the imaging lens based on an output signal from the third
light-receiving area of the second pixel group of the image
sensor.

5. The apparatus according to claim 1, wherein the second
pixel group is discretely disposed within the first pixel group.

6. The apparatus according to claim 1, wherein the second
pixel group is configured by dividing the light-receiving area
substantially equal in area to the first light-receiving area into
the second light-receiving area and the third light-receiving
area.



